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bstract
SBA-Pr-SO3H with pore sizes of 6 nm was determined to be a green and effective solid acid catalyst in the reaction of isatins
ith indoles under mild reaction conditions for the production of a novel class of symmetrical 3,3-di(indolyl)indolin-2-ones with
xcellent yields. The antimicrobial activities of the synthesized compounds were tested. Antimicrobial tests demonstrated that the
IC value of compound 3e  against B.  subtilis  was equal to that of Chloramphenicol.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Oxindoles possess antibacterial, antiprotozoal, and
nti-inflammatory activities and have been patented as
gonists to progesterone receptors (PR) [1]. The natu-
ally occurring oxindole derivative convolutamydine has∗ Corresponding author. Tel.: +98 21 88041344.
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of HL-60 human plomyelocytic leukemic cells [2]. Fur-
thermore, isatin is a heterocyclic natural product that is
found in plants of the genus Isatis  [3]. Compounds with
indole moieties exhibit antibacterial and antifungal activ-
ities [4]. In particular, 3,3-diaryloxindole is frequently
found in clinical drugs and biologically active com-
pounds and possesses anti-proliferative, antibacterial,
anti-protozoal and anti-inflammatory activities [1,5,6].
The 3,3-di(indolyl)indolin-2-ones can be formed by
the prolonged reaction of isatin and indoles in acidicbehalf of Taibah University. This is an open access article under the
conditions or promoted by KAl(SO4)2 under microwave
radiation [7]. In recent years, few methods have been
developed for the synthesis of this class of compounds
[8–10]. The reaction of isatin and indoles was carried out
 Taibah556 G. Mohammadi Ziarani et al. / Journal of
under different conditions in the presence of I2 in i-PrOH
[11], FeCl3 in MeCN [12], Amberlyst [13], ZrCl4 in dry
CH2Cl2 [14], and I2 in CH2Cl2 [15].
Recently, there has been rapid growth in the research
and development of mesoporous materials. SBA-15 is
a nanoporous silica catalyst with a hexagonal structure,
high surface area, large pore size, high selectivity, excel-
lent (chemical and thermal) stability, and easy separation
from products [16,17]. Potential applications of SBA-15
range from biosensors [18] and drug delivery [19] to
separations [20] and catalysis [21] has attracted signifi-
cant interest. In this study, in a continuation of our studies
towards using nanoporous solid catalysts in organic reac-
tions [22–24], we study the effect of SBA-Pr-SO3H as
a heterogeneous solid acid catalyst for the synthesis of
3,3-di(indolyl)indolin-2-one derivatives.
2.  Experimental
2.1.  Apparatus  and  analysis
The chemicals employed in this work were obtained
from Merck Company and were used without further
purification. Infrared (IR) spectra were recorded from
KBr discs using a Fourier-transform (FT)-IR Bruker Ten-
sor 27 instrument. Melting points were measured by
using the capillary tube method with an Electrother-
mal 9200 apparatus. 1H NMR (400 MHz) and 13C
NMR (100 MHz) spectra were run on a Bruker DPX
using tetramethylsilane (TMS) as an internal standard
in DMSO-d6. Mass spectrometry (MS) analysis was
performed on a model 5973 mass-selective detector
(Agilent). Scanning electron microscopy (SEM) anal-
ysis was performed on a Philips XL-30 field-emission
SEM operated at 16 kV, while transmission electron
microscopy (TEM) was carried out on a Tecnai G2 F30
at 300 kV.
2.2.  Synthesis  and  functionalization  of  SBA-15
The nanoporous compound SBA-15 was synthesized
and functionalized according to our previous report
[21], and the modified SBA-15-Pr-SO3H was used as a
nanoporous solid acid catalyst in the following reaction.
2.3.  Typical  procedure  for  the  synthesis  of
3,3-di(indolyl)indolin-2-ones  (3a–3i)A mixture of isatin (0.147 g, 1 mmol), indole (0.234 g,
2 mmol) and SBA-Pr-SO3H (0.02 g) in 10 ml H2O:EtOH
(9:1) was heated and stirred under reflux conditions.
When the reaction was completed, as monitored by University for Science 9 (2015) 555–563
TLC, the resulting crude product was cooled to room
temperature and extracted from the solvent. Then, the
precipitate was dissolved in hot EtOAc and the unsolv-
able catalyst was removed by filtration. The filtrate was
cooled to produce the pure product. The new compounds
were characterized by mass, IR and NMR spectroscopy
techniques. The melting points of the products were
compared with those reported in the literature. The cat-
alysts were sequentially washed with a diluted acid
solution, distilled water and acetone. After drying under
vacuum, the catalysts could be reused several times with-
out noticeable reactivity losses.
2.4.  The  spectroscopic  and  analytical  data  for  the
prepared compounds  are  presented  below
2.4.1.  3,3-Di(1H-indol-3-yl)indolin-2-one  (3a)
Yellowish-white solid, yield (95%); M.p.
312–314 ◦C; IR (KBr) ν: 3427, 3323, 3067, 1708,
1613, 1537, 1471, 1336, 1240, 1172, 1103, and
737 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ: 6.79
(t, J  = 7.7 Hz, 2H), 6.86 (s, 2H), 6.96 (t, J  = 7.5 Hz,
1H), 6.68–7.06 (m, 3H), 7.21–7.24 (m, 4H), 7.36
(d, J = 8.1 Hz, 2H), 10.56 (s, 1H, NH), and 10.96 (s,
2H, NH) ppm; 13C NMR (DMSO-d6, 100 MHz) δ:
53.41, 110.48, 1 12.47, 115.14, 119.01, 119.13, 121.62,
122.26, 125.05, 125.21, 126.55, 128.70, 135.45, 137.77,
142.17, and 179.60 ppm.
2.4.2.
3,3-Di(1H-indol-3-yl)-5-bromo-indolin-2-one  (3b)
Light pink solid, yield (90%); M.p. 306–308 ◦C;
IR (KBr) ν: 3366, 3116, 3052, 1657, 1614, 1489,
1423, 1336, 1243, 1171, 1103, and 742 cm−1; 1H NMR
(DMSO-d6, 400 MHz) δ: 6.81 (t, J  = 6.7 Hz, 2H), 6.88
(s, 2H), 6.96 (d, J  = 8.3 Hz, 1H), 7.03 (t, J = 7.4 Hz, 2H),
7.25 (d, J  = 6.7 Hz, 2H), 7.31 (s, 1H), 7.34 (d, J  = 8.1 Hz,
2H), 7.44 (d, J = 7.1 Hz, 1H), 10.79 (s, 1H, NH), and
11.08 (s, 2H, NH) ppm; 13C NMR (DMSO-d6, 100 MHz)
δ: 53.64, 112.65, 114.00, 114.35, 119.23, 119.35, 121.35,
121.94, 125.21, 125.35, 126.34, 128.22, 137.79, 137.84,
141.53, and 179.11 ppm.
2.4.3.  3,3-Di(1H-indol-3-yl)-5-chloro-indolin-2-one
(3c)
White solid, yield (93%); M.p. 305–307 ◦C; IR (KBr)
ν: 3443, 3363, 3117, 3053, 1701, 1615, 1476, 1428,
1383, 1336, 1244, 1170, 1103, and 736 cm−1; 1H NMR
(DMSO-d6, 400 MHz) δ: 6.82 (t, J  = 7.4 Hz, 2H), 6.89
(s, 2H), 7.01 (d, J  = 8.4 Hz, 1H), 7.03 (t, J = 7.4 Hz, 2H),
7.19 (s, 1H), 7.21 (d, J  = 8 Hz, 2H), 7.30 (dd, J = 8.2 Hz,
J = 2.2 Hz, 1H), 7.38 (d, J = 8 Hz, 2H), 10.77 (s, 1H,
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H), and 11.03 (s, 2H, NH) ppm; 13C NMR (DMSO-
6, 100 MHz) δ: 53.29, 111.59, 112.20, 113.94, 118.88,
20.97, 121.53, 124.89, 125.13, 125.89, 125.94, 128.31,
37.06, 137.39, 140.73, and 178.84 ppm; MS (m/z) = 397
M+), 368 (100), 332, 313, 276, 236, 253, 149, 97, 83,
1, and 57.
.4.4. 3,3-Di(1H-indol-3-yl)-5-nitro-indolin-2-one
3d)
Light purple solid, yield (88%); M.p. 293–295 ◦C;
R (KBr) ν: 3386, 3118, 3054, 1707, 1619, 1479, 1454,
414, 1340, 1248, 1174, 1126, and 742 cm−1; 1H NMR
DMSO-d6, 400 MHz) δ: 6.83 (t, J = 7.3 Hz, 2H), 6.98
s, 2H), 7.08 (t, J  = 7.8 Hz, 2H), 7.20–7.27 (m, 3H), 7.40
d, J = 8.1 Hz, 2H), 7.94 (s, 1H), 8.20 (d, J = 8.7 Hz, 1H),
1.11 (s, 2H, NH), and 11.34 (s, 1H, NH) ppm; 13C NMR
DMSO-d6, 100 MHz) δ: 53.37, 110.79, 112.67, 113.65,
19.39, 119.42, 121.17, 122.07, 125.40, 125.52, 126.22,
36.11, 137.87, 143.06, 148.64, and 179.76 ppm.
.4.5. 3,3-Di(1H-indol-3-yl)-1-benzyl-indolin-2-one
3e)
Yellowish-white solid, yield (90%); M.p.
84–286 ◦C; IR (KBr) ν: 3423, 3254, 3049, 1703,
606, 1542, 1485, 1343, 1243, 1166, 1130, and
41 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ: 5.02
s, 2H, CH2), 6.78 (t, J  = 7.2 Hz, 2H), 6.84 (s, 2H),
.99–7.03 (m, 3H), 7.09–7.15 (m, 3H), 7.27–7.33
m, 5H), 7.35–7.37 (m, 4H), and 11.03 (s, 2H, NH)
pm; 13C NMR (DMSO-d6, 100 MHz) δ: 43.84, 53.12,
10.21, 112.54, 114.83, 119.05, 119.18, 121.66, 121.94,
23.12, 125.10, 125.26, 126.44, 128.37, 128.75, 129.44,
34.63, 137.41, 137.78, 142.57, and 177.93 ppm.
.4.6. 3,3-Bis(1-methyl-1H-indol-3-yl)indolin-2-
ne (3f)
Yellowish-white solid, yield (89%); M.p. > 320 ◦C;
R (KBr) ν: 3127, 3051, 2927, 1705, 1613, 1539,
468, 1371, 1246, 1157, 1128, and 737 cm−1; 1H NMR
DMSO-d6, 400 MHz) δ: 3.71 (s, 6H), 6.86 (s, 2H),
.95–7.47 (m, 12H), and 7.81 (br s, 1H, NH) ppm.
.4.7. 3,3-Bis(1-methyl-indol-3-yl)-5-chloro-
ndolin-2-one  (3g)
White solid, yield (86%); M.p. > 320 ◦C; IR (KBr) :
233, 2927, 1716, 1611, 1541, 1473, 1430, 1369, 1330,
287, 1246, 1194, and 736 cm−1; 1H NMR (DMSO-
6, 400 MHz) δ: 3.72 (s, 6H), 6.86 (t, J = 7.2 Hz, 2H),
.94 (s, 2H), 7.00 (d, J  = 8.4 Hz, 1H), 7.10 (t, J  = 7.2 Hz,
H), 7.19 (s, 1H), 7.22 (d, J  = 8 Hz, 2H), 7.29 (dd,
 = 8.4 Hz, J = 2 Hz, 1H), 7.39 (d, J = 8.4 Hz, 2H), and University for Science 9 (2015) 555–563 557
10.78 (s, 1H, NH) ppm; 13C NMR (DMSO-d6, 100 MHz)
δ: 32.83, 53.10, 110.37, 111.63, 113.06, 119.05, 121.15,
121.65, 125.12, 125.97, 126.28, 128.39, 128.99, 136.92,
137.79, 140.65, and 178.63 ppm; MS (m/z) = 425 (M+),
396 (100), 313, 267, 229, 149, 131, 110, 95, 83, 69, and
57.
2.4.8. 3,3-Bis(1-methyl-indol-3-yl)-5-bromo-
indolin-2-one  (3h)
Light pink solid, yield (92%); M.p. > 320 ◦C; IR
(KBr) : 3205, 3121, 3056, 2924, 1714, 1608, 1540,
1470, 1428, 1366, 1329, 1287, 1245, 1192, and
737 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ: 3.71 (s,
6H), 6.85 (t, J  = 8 Hz, 2H), 6.92–6.96 (m, 3H), 7.09 (s,
2H), 7.21 (d, J = 7.5 Hz, 2H), 7.30 (s, 1H), 7.37–7.41 (m,
3H), and 10.76 (s, 1H, NH) ppm; 13C NMR (DMSO-
d6, 100 MHz) δ: 32.82, 53.07, 110.37, 112.18, 113.08,
113.73, 119.06, 121.15, 121.67, 126.28, 127.79, 128.98,
131.24, 137.30, 137.79, 141.06, and 178.52 ppm.
2.4.9. 3-(1H-Indol-3-yl)-3-(1-methyl-1H-indol-3-
yl)indolin-2-one  (3j)
Light pink solid, yield (88%); M.p. 299–301 ◦C; IR
(KBr) ν: 3400, 3310, 3102, 1728, 1616, 1428, 1337,
1248, 1128, 1044, and 745 cm−1; 1H NMR (DMSO-d6,
400 MHz) δ: 1.97 (s, 3H), 6.75–6.82 (m, 4H), 6.90–7.04
(m, 3H), 7.07 (s, 1H), 7.18–7.27 (m, 4H), 7.35 (d,
J = 8.4 Hz, 1H), 10.57 (s, 1H), 10.82 (br s, 1H, NH),
and 10.90 (br s, 1H, NH) ppm.
2.4.10. 3-Hydroxy-3-(2-methyl-1H-indol-3-yl)
indolin-2-one  (4)
Yellowish-white solid, yield (85%); M.p.
172–175 ◦C; IR (KBr) ν: 3370, 3147, 1692, 1611,
1487, 1101, and 752 cm−1; 1H NMR (DMSO-d6,
400 MHz) δ: 2.41 (s, 3H), 5.96 (s, 1H), 6.73 (t,
J = 7.34 Hz, 1H), 6.80–6.94 (m, 3H), 7.09–7.28 (m,
4H), 10.10 (s, 1H, NH), and 10.42 (s, 1H, NH) ppm.
3.  Results  and  discussion
3.1.  Chemistry
In this article, we report a simple, green and
highly efficient strategy for the synthesis of 3,3-
di(indolyl)indolin-2-one derivatives by the condensation
of isatin and indole in the presence of SBA-Pr-SO3H
(Scheme 1). To optimize the reaction conditions, isatin
1 and two moles of indole 2 were subjected to various
conditions using a catalytic amount of SBA-15-Pr-
SO3H as catalyst. The reaction times and yields of the
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dolin-2Scheme 1. Synthesis of 3,3-di(indolyl)in
products under various conditions (i.e., reflux, 80 ◦C,
and room temperature), in the presence of different
solvents, such as H2O, EtOH, H2O:EtOH (1:1), and
H2O:EtOH (9:1), and under a solvent-free system were
compared (Table 1).
As shown in Table 1, the best result was obtained after
15 min at reflux temperature in H2O:EtOH (9:1) solvent
by taking a 1:2 mol ratio mixture of isatin and indole. We
also tested the reaction without any catalyst under reflux
conditions; after 24 h, the yield of product was very low
(48%).
As shown in Table 2, this procedure is applica-
ble with a wide variety of substrates. Correspondingly,
3,3-di(indolyl)indolin-2-ones were synthesized by the
one-pot condensation of isatins 1  and indoles 2  with
excellent yields (86–95%) in the presence of SBA-Pr-
SO3H as a catalyst for 1–15 min.
We also investigated the reaction of isatin 1,
indole 2a, and N-methylindole 2b  in the presence of
SBA-Pr-SO3H. The asymmetrical 3-(1H-indol-3-yl)-3-
(1-methyl-1H-indol-3-yl)indolin-2-one 3j  was obtained
after 7 min with an 88% yield (Scheme 2). The melt-
ing point was confirmed when compared with literature
values [9].
In another attempt, when the reaction of isatin
and two moles of 2-methylindole was carried out in
Table 1
The optimization of reaction conditions in the synthesis of 3,3-
di(indolyl)indolin-2-ones.
Entry Solvent Temperature Time (min) Yield (%)a
1 – 80 ◦C 135 79
2 H2O r.t. 1 day 82
3 H2O:EtOH (9:1) r.t. 130 78
4 H2O reflux 30 84
5 EtOH reflux 75 20
6 H2O:EtOH (9:1) reﬂux 15 94
7 H2O:EtOH (1:1) reflux 35 86
a Isatin (1 mmol), indole (2 mmol), and catalyst (0.02 g).-ones in the presence of SBA-Pr-SO3H.
the presence of SBA-Pr-SO3H, based on the spec-
troscopic data of the product [25], it was found
that the reaction did not yield the expected 3,3-
bis(2-methyl-1H-indol-3-yl)indolin-2-one 3. Instead,
3-hydroxy-3-(2-methyl-1H-indol-3-yl)indolin-2-one 4
was formed with an 85% yield (Scheme 3).
The suggested mechanism for the reaction of indoles
with isatin derivatives is shown in Scheme 4. A proto-
nation of a carbonyl group on isatin 1  by the solid acid
catalyst activates isatin for a nucleophilic attack on the
first molecule of indole 2  to yield an intermediate 6,
which reacts further with the second molecule of indole.
Finally, the elimination of water yields the corresponding
3,3-di(indolyl)indolin-2-one 3  (Scheme 4).
A literature survey shows that this reaction was car-
ried out by several different schemes; however, the
strategy presented here is more efficient, less time-
consuming and provides increased yields of the desired
products when compared with other existing methods.
The results are summarized in Table 3.
Nanoporous silica SBA-15 can be prepared by using
commercially available triblock copolymer Pluronic
P126 as a structure-directing agent [26,27]. The func-
tionalization of SBA-15 with an SO3H group is
usually performed though direct synthesis or post-
grafting [28,29]. SBA-15 silica was functionalized with
(3-mercaptopropyl)trimethoxysilane (MPTS). Then, the
thiol groups were oxidized to sulfonic acid by hydrogen
peroxide. An analysis of the catalyst surface was per-
formed by various methods, such as thermogravimetric
analysis (TGA), Brunauer–Emmett–Teller (BET) analy-
sis, and elemental (CHN) methods, which demonstrated
that the propyl sulfonic acids were immobilized within
the pores [21].
Fig. 1 shows the SEM and TEM images of SBA-
15-Pr-SO3H. The SEM image (Fig. 1a) shows uniform
particles of approximately 1 m which has the same
morphology as was observed for SBA-15. It can be con-
cluded that the morphology of the solid was maintained
G. Mohammadi Ziarani et al. / Journal of Taibah University for Science 9 (2015) 555–563 559
Table 2
Synthesis of 3,3-di(indolyl)indolin-2-one in presence of SBA-Pr-SO3H.
Entry R1 R2 R3 Product Time (min) Yield (%) M.p. (◦C) M.p. (Lit.)
1 H H H 15 95 312–314 311–313 [10]
2 H Br H 10 90 306–308 309–310 [13]
3 H Cl H 5 93 305–307 New
4 H NO2 H 8 88 293–295 298–299 [10]
5 Bn H H 3 90 284–286 288–289 [10]
6 H H Me 3 89 320< 334–336 [13]
560 G. Mohammadi Ziarani et al. / Journal of Taibah University for Science 9 (2015) 555–563
Table 2 (Continued)
Entry R1 R2 R3 Product Time (min) Yield (%) M.p. (◦C) M.p. (Lit.)
7 H Cl Me 1 86 320> New
8 H Br Me 12 92 320< 325–326 [13]
9 Allyl H H 48 h N.R. – –
Scheme 2. Synthesis of asymmetrical 3,3-di(indolyl)indolin-2-ones in the presence of SBA-Pr-SO3H.
Scheme 3. Reaction of isatin and 2-methylindole.
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Scheme 4. Proposed mechanism for the synth
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omparison of different conditions for the synthesis of 3,3-di(indolyl)indolin
ntry Catalyst Solvent Condi
CANa EtOH U.S 
SiO2-OSO3H CH2Cl2 r.t. 
I2 (CH3)2CHOH r.t. 
FeCl3 MeCN r.t. 
I2 CH2Cl2 r.t. 
Amberlyst 15 H2O 70 ◦C
SBA-Pr-SO3H H2O:EtOH (9:1) reﬂux
a Ceric ammonium nitrate.esis of 3,3-di(indolyl)indolin-2-ones.
3.2.  Antimicrobial  activity
All synthesized compounds were screened for antimi-
crobial activity using the disc diffusion method. The
microorganisms used in this study were Gram-negative
bacteria Escherichia  coli  (ATCC 25922) and Pseu-
domonas aeruginosa  (ATCC 85327), Gram-positive
bacteria Bacillus  subtilis  (ATCC 465) and Staphylo-
coccus aureus  (ATCC 25923), and the fungus Candida
albicans (ATCC 10231). All synthesized compounds
were dissolved in DMSO (100 g/ml); 25 l samples were
loaded onto 6-mm paper discs. One hundred microliters
of 109 cell/ml suspension of the microorganisms were
spread on sterile Mueller–Hinton agar plates, and the 6-
mm paper discs were laid on the surfaces of the culture
plates. Table 4 presents the observed results of the inhibi-
tion zones of compounds around the discs. Compounds
3a and 3e  exhibited the best results against B.  subtilis,
with inhibition zones of 25 and 26, respectively. Com-
pound 4  showed a maximum inhibition zone (18) against
S. aureus. None of the compounds showed antibiotic
activity against E.  coli, P.  aeruginosa  or C.  albicans.
-2-ones.
tion Time Yield (%) Year
1–16 h 80–95 2006 [9]
2–3.5 h 88–94 2006 [10]
15–180 min 80–98 2009 [11]
10–60 min 78–93 2010 [12]
12–20 h 68–85 2012 [15]
 0.5–12 h 88–95 2012 [13]
 1–15 min 86–95 This work
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Table 4
Inhibition zone (mm) of synthesized compounds against some Gram-positive and Gram-negative bacteria and fungi, by disc diffusion method
(IZ = 250 lg/disc).
Compound B. subtilis S. aureus E. coli P. aeruginosa C. albicans
3a 25 16 0 0 0
3b 18 14 0 0 0
3c 12 14 0 0 0
3d 11 12 0 0 0
3e 26 15 0 0 0
3f 0 0 0 0 0
3g 0 0 0 0 0
3h 0 0 0 0 0
3j 0 0 0 0 0
4 16 18 0 0 0
Chloramphenicol 26 22 24 8 –
Gentamicin 28 20 20 18 –
Nystatin – – – – 18
Table 5
Minimum inhibitory concentration (g/ml) of synthesized compounds against some Gram-positive and Gram-negative bacteria and fungi.
Compound B. subtilis S. aureus E. coli P. aeruginosa C. albicans
3a 8 64 – – –
3b 64 128 – – –
3c 256 128 – – –
3d 256 256 – – –
3e 4 128 – – –
3f – – – – –
3g – – – – –
3h – – – – –
3j – – – – –
4 64 64 – – –
Chloramphenicol 4 8 4 256 –
Gentamicin 0.125 0.5 
Nystatin – – 
The minimum inhibitory concentration (MIC) values
of the synthesized compounds that showed antibiotic
activity in disc diffusion tests were determined by
microdilution and compared with three reference com-
mercial antibiotics: chloramphenicol, gentamicin, and
nystatin (Table 5). It was observed that the MIC val-
ues of compounds 3a  and 3e  against B.  subtilis  were 8
and 4, respectively, the latter of which was equal to that
of Chloramphenicol.
4.  Conclusions
We reported an environmentally friendly, effi-
cient, clean and simple method for the synthesis of
3,3-di(indolyl)indolin-2-one derivatives using readily
available starting materials. This new method provides
shorter reaction times, operational simplicity, the use of
water as a solvent, high yields, easy work-up procedures,0.5 1 –
– – 8
the use of SBA-Pr-SO3H as a recyclable, and an envi-
ronmentally friendly nano-reactor in which the reaction
readily proceeds in its nano-pores. The compounds were
screened for their antimicrobial activities. Antimicrobial
tests showed that the MIC value of compound 3e  against
B. subtilis  was equal to that of Chloramphenicol.
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